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CASIM Predictions of Meson West Tevatron 
Target Soil Activation 

Suzanne A. Gronemeyer 

A new Meson West Target has been proposed for Tevatron II. 
The dump design proposed by David Eartly is shown in Figures 
l-4. Figure 1 shows a longitudinal side view of the dump 
and the shield for target produced muons. In Figure 3, the 
core of the dump is seen to be a copper plate surrounding 
the beam. The copper is surrounded by iron, which is in 
turn shielded by concrete. The tunnel is embedded in sand 
and gravel. The sand and gravel within 3' of the concrete 
is continuously drained by underdrains. Soil below the top 
of the underdrains is not considered to be protected 
(Ref. 1). Activity produced in the unprotected soil below 

can be leached out, transported to the aquifer, and 
subsequently reach public water supplies. It is the 
activation of this unprotected soil which is of particular 
interest. Since the specific type of beryllium target to be 
used has not yet been decided, and since it would only 
reduce the resultant soil activation, I have chosen to 
ignore it and to presume that all the targetted intensity' is 
lost on the dump. 

I have made CASIM (Ref. 2) calculations of the levels of 
soil activation to be expected using the proposed dump 
design. Since the activation of the unprotected soil is the 
major consideration, I made the calculations using 
rectangular geometry (rather than the usual cylindrical 
approximation). To improve the statistics of my results, I 
reflect the lower half through the horizontal plane passing 
through the beam and divide the result by 2. 

The beam parameters used were: 

Incident beam: 1000 GeV/c protons 
Beam begins to interact: 1.0 cm into dump 
Threshold momentum: 0.3 GeV/c 
Beam spot size: 1.0 x 1.0 cm 

The dump design modeled was: 

Backscatter shield: steel 3' high by 5' wide by 6' 
long. The shield is surrounded by concrete out 
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to the same distance as the dump (see Figures). 
Dump: Copper plate 4" high by 12" wide, centered on 

beam axis, surrounded by steel. The steel 
extends 54" east of the beam, 48" west of 
the beam, and 18" below the beam, with an extra 
steel plate 4" high by 3' wide centered 
below the beam underneath the main body of the 
shield. The length of the dump is 20'. 

Concrete: The concrete floor under the dump is 22" 
thick. Concrete tunnel walls or shield blocks 
extend 3' laterally on either side of the dump. 
There are 4' concrete immediately downstream 
of the dump. 

The region of interest for soil activation is the soil below 
the top of the underdrains, which will be 3' below the 
bottom of the concrete floor of the dump. The underdrains 
are emptied by sump pumps. 

The number of stars produced in each region of interest were 
summed in the CASIM run. The procedure of Ref. 3 was used 
to obtain radionuclide production and subsequent transport 
to the aquifer. As discussed in Ref. 3, the radionuclides 
of interest are 3H and 22Na. Their production rates in 
glacial till are given there as: 

3H = 0.075 leachable atoms/star (1) 
22Na = 0.003 leachable atoms/star (15% of 

total 22Na production). 

Figure 5 is a plot of star densities as a function of 
effective radius (R) and distance along the beam axis (Z). 
The effective radius of the components has been used to show 
their outlines. Since the actual geometry is rectangular 
rather than cylindrical, one should use the actual radius to 
a point of interest to predict the levels at that point 
using Figure 5. The Z distribution prediction can be 
considered to be quantitive. 

The formula for calculating activities from the number of 
stars/proton is given by Ref. 3 as: 

A= NSP/T x 3.7 ElO, (2) 

where A= activity produced in Curies/year, 
N= number of protons/year, 
S = number of stars/proton in the region of 

interest, 
P = production rate in atoms/star of leachable 

radionuclide, 
T = mean lifetime: 
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T (3H) = 17.7 yr = 5.58 E8 seconds 
T (22Na) = 3.75 yr = 1.18 E8 seconds 
1 Curie (Ci) = 3.7 El0 decays/second. 

Assuming Tevatron running conditions of 180 days/year, 60% 
duty cycle, 60 spills/hour, and 5 El2 protons/spill on the 
Meson West Target gives: 

N= 7.8 El7 protons/year. (3) 

As discussed in Ref. 3, horizontal transport of the 
leachable radionuclides happens very rapidly and can 
therefore be neglected in soil activation estimates. The 
vertical transport to the Silurian aquifer (V) is estimated 
to be (Ref. 3): 

V (3R) = 3.6-7.2 feet/year 
V (22Na) = 1.6-3.2 feet/year. 

(4) 

The elevation of the Silurian aquifer is about 677'. The 
elevation of the beam is to be 746'; unprotected soil begins 
at an elevation of about 740'. Thus the radionuclides must 
travel about 63' vertically to reach the aquifer. The times 
required with the most conservative transit rates are: 

3H: 63'/(7.2'/year) = 8.75 years 
22Na: 63'/(3.2'/year) = 19.7 years. 

(5) 

Thus their activities upon reaching the aquifer have been 
reduced by factors of: 

P (3H) = exp(-8.75/17.7) = 0.610 (6) 
P (22Na) = eXp(-19.7/3.75) = 0.00525. 

Three separate CASIM runs were made, each using a different 
random number seed and calculating 200,000 pseudostars. The 
results were 0.712, 0.540, and 0.332 stars/incident proton 
in unprotected soil. The average is 0.528; the standard 
deviation is 0.190 (statistical only). The result can 
probably be assumed to be accurate within a factor of about 
three (Ref. 3). Using: 

S = 0.528 stars/proton, (7) 

Equations l-3, 6-7, and the factor of 2 from reflection, we 
predict the activity/year reaching the Silurian aquifer to 
be: 

A (3R) = 7.8 El7 x 0.528 x 0.610 x 0.075 (8) 
2 x 5.58 E8 x 3.7 El0 

= 0.456 milliCuries/year, 
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A (22NA) = 7.8 E17 x 0.528 x 0.00525 x 0.003 
2 x 1.18 E8 x 3.7 El0 

= 0.743 microCuries/year. 

The EPA upper concentration limits on community water 
systems are: 

3H: 20 pCi(picoCuries)/ml (9) 
22Na: 0.2 pCi/ml. 

The Laboratory has applied this limit to users of individual 
wells in considering new construction. The minimum 
consumption per well user is taken as: 

Consumption = 40 gal/day = 5.55 E7 ml/year. 

This figure coupled with the activities reaching the 
Silurian aquifer per year give concentrations (C): 

C (3H) = 0.456 milliCi/5.55 E7 ml = 8.2 pCi/ml (10) 
C (22Na) = 0.743 microCi/5.55 E7 ml = 0.013 pCi/ml, 

values well within the legal and more stringent Laboratory 
limit (Ref. 4). 

For a mixture of radionuclides, the weighted sum of the 
concentrations must be less than 1. This condition is also 
filled: 

8.2/20 + 0.013/0.2 = 0.48. (11) 

It is worth noting that if the underdrains are located 3' 
lower (i.e. 3' of additional soil are protected), the values 
of S obtained (Eqn. 7) are 0.0564, 0.0526, and 0.0314, for 
an average of 0.0468, as opposed to 0.528. Leaching water 
must travel 3' less to the aquifer (Eqn. 5). The net result 
(Eqns. 8 and 10) would be 0.0414 millicuries/yr or 0.746 
pCi/ml of 3H and 0.0845 microcuries/yr or 0.0015 pCi/ml of 
22Na. Thus an additional 3' of protected soil would improve 
the soil activation problem by about an order of magnitude. 

A complete listing of my SUBMIT file for running this job 
interactively on the CYBER is included as an appendix. It 
is available as a public file: GET,STMlll7/UN=94590. 

I wish to thank David Eartly for suggesting this 
calculation. Don Cossairt, Jack Couch, and Sam Baker made 
many valuable suggestions. Cossairt's TM-945 (Ref. 5) was 
particularly useful. 
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